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SYMTOSIUM  ON  ini:,  ’’ELEbTltONiTHEORt  OP  SOLIDS" 
EXCERP'IS  PftC>M  ACiA  I»HYSICA.  SINICA 


[These  e3tcei:*i5ti3  iiaclude  the  discusSfLons  of  Chinese 
physicists  idurihg  tlie  li-15  Januarj^  I9fe8 
"Electron  iUeoi^y  of  Solids,"  as  f 

pao  (Acta  Physlca  Slnlca),  Vol  14,  * 

fehorsi  And  outlines  of  four  papers  which  stimulated  the 
dlscussloris,  as  well  as > textual  matter  representing  the 
authors*  own  views,  are^ given  below*  The  original  page 
numbers  .e^re  appended,  at^the  end  of  each  excerpt. 

According  to  the  journal,  the  symposium  was  held  In 
Pelplna  by  the  Department  of  Mathematics,  Physics,  ^d 
Chemistry  of  the  Academia  Slnlca.  It  was  designed  to  Im¬ 
part  an  appreciation  of ^important  concepts  which  have 
evolved  from  research  on  the  electron  theoj^  •>  - 

of  solids  conducted  abroad  and  In  China,  and  to  stlmulaue 
the  Interest  of  Chinese  theoretical  physicists  in  this 
subject. 

About  60  persons  attended.  They  consisted  of  members 
of  the  department *3  committee,  guests  who  have  done  or  _ 
are  preparing  to  do  research  on  the  theory  of  solids,  ®nd 
teachers.  During  the  closing  session,  the  group  exchanged 
views  on  how  to  organize-  and  develop  resear*oh  on  the 
theory  of  solids. 

Besides  the  four  papers  cited  below,  other  papers 
presented  at  the  symposium  and  published  in  this  Issue 
of  the  journal  are  as  follows; 

"The  Present  State  of  the  Polaron  Problem,"  by  Huang 

"The  3-d  Exchange  Interaction  Problem  In  the  Theory  of 

Ferromagnetism,"  by  LI  Yln-yuan  -  „  .  ,t  » 

"Recent  Developments  In  the  Theory  of  Spin  Waves, 

byWu  Shlh-shu  ^  ^  « 

"The  Frohllch-Bardeen  Theory  of  Super-Conductivity, 

by  Ch*eng  K*ai-chia»3 


a 


Article 


.  '  .-rfv  ' 


Rec  erit  A9.>a?ic  e$ :  In  Siiergy  Band  Theory  4  *  .4 » 4 . .  •  •  1 :  ; ' 
i  Theories  Ih  orystala  . ,  t 

The  Theory;  ofl  Cblipt IVe  Mferat loh  ol‘  fileotrohb  .1^ 
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•A  BHaf  .AOGOnnt^  ;0[f,5,the.  Research  Work  of  H.  No 
’Bogol'lnboJt--'  '.allied  j]|ljj,;.^.Llf  shH  z;  *  •’ *■  ■.  ••  •'  4  ;  .22 


RECENT  ADVANCES  IN  ENERGY  BAND  THEORY 

'  -  '  ■'>  J  ■■ 

HSIEH  Hal-tfh.  „ ;  . 

(Futan  University) 

Introduction 

I,  Formation  of  band 

1»  VJave  function  of  electrbns  in. .a,  preriod  ic  field 
2,  Acceleration  and  velocity  of  electrons 
lli  Principal  niethod 3  bi*  i3nSr{^y  band  oaloniatibii 
ii  Tight  binding  metnbdi: -j. 

2.  Elementary  cell  ^method  'r 

3o  Orthogonallzed  plane  wave  method 

III.  Physical  properties  in  relation  to  energy  band 
structure  . 

1.  Cyclotron  resonance 

a.  Cyclotron  resonance  of  semiconductors 
•  b.  Cyciotrpn  resonance  of  metals 

2.  Magnetic  .effect  of  purrent 

a.  n-type  germanium  and  silicon 

b.  prtype  germanium  and  silicon 
3o  Magnetization 

a.  Magnetization  of  electrons  in  crystals 
b*  Piagnetizatlon  of  semiconductors 
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c.  De  Haaa-van  4lpheti  effect 
4,  Anotnaloua  akin  ^ffect 


Bibliography  Cpage  164] 


UISCUSBION 


Kao  Llen“P^el»  (De'aoriptioii  of  aiidea  omitted ) . 

Mr  Haieh  apoke  of  the  elb^tl^lc  effedt  of  tt^ghetio  field 
aa  one  of  the.  prlndlpAl  •iiletii^&k'bf  ineaaht'lfag  onergy  band' 
atructdre.  I  wlah  to  make ; a “Supplement ary  remark.  Borne 
intereatihg  problems  are  elicited  by  the  electric  effecu 
of  a  magnetic  field.  For  i|i8tah54»  4lf  performed 

a  aeried  of  experiments  oiiitoagHetlc-feluotahoe  between 

1936  and  1941,  .  .4-:  -v  o:.:; 

Magnetic  reluctarice  of.  flnsl®“°rystal,Cd^j  under  ..the  . 
action  of  approximately  ^SiklioSs-ueses » '  when  ^ the  tempera~ 
ture  is  reduced  from  room  temperature  to  He  temperature, 
may  increase  about  aa  hlghiias  150,000  tlmea  (the  current 
being  nearly  perpendicular:. to  the  hexagonal  axis -of 'the 
crystal),  pr  may  even  exceed  5,000,000  times  (the  current 
being  parallel  to  the  hexa^pnal  axis  of  the  crystal). 

Agalns,  in  the  case  of  miagnetlo  reluctance  of  single- 
crystal  gold^,  a  very  strong  and  symmetrical  anistroplc 
body  appears  when  the  magnetic  field  revolves  360  degrees 
around  the  direction  of  thef cur rent,  which  is  also  the 
direction  of  the  cubic  axls-of  the  crystal.  Though  we 


*Lant ern  slid es  were  shoyn  at  the  symposium.  The  re¬ 
marks  were  made  in  conjunction  wlthithe  explanation  of  the 
slides.  The  passage  here  was  written  by  Mr.  Kao  who  sum¬ 
marized  the  speech  delivered ' at  that  time. 

^Justl,  E. ;  Kramer,  J, Schulze,  R, ,  Phys.  Zs,  41(1940), 
308. 

^Justl,  E, ,  Leltfahlgkelt  und  Leitungsmechanlsmus  fester 
stoffe  (aottingen,  1948). 
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susgested  that  those  problems  could  he  decisively  solved 
hy  application  of  the  series  expahsloii  method  and  with  the 
aid  of  a  knowledge  of  energy  band  structure  (a  point  to  be 
trie'ated  later  when  the  works  of  Lifshitz  et  al^  are  Intro- 
duded),  strictly  speaking,  however,  these  problems  are 
still  unsolved., 

P’enp;  Huan~wu  What  do  these  charts  signify? 

jiao .  Lien~p*  ei  :'■■■.■ 

As  iir.  Hsieh  said  a  mbtaerit  ago,'  when  the  magnetic  field 
is  weak,  energy  band  theory  may  be  used  t6  explain  some 
phenomena  of  current-magnetism  effect*  As  the  magnetic 
field  increases,  the  effect  becomes  more  and  more  compli¬ 
cated*  The  problem  of  whether  the  effect  may  be  explained 
remains  unsolved.  I  present  these  dharts  ih  the  hope  of 
caliihg  your  attehtloh  td  iti  . 

Hug.ng.K^un  Hew  strong  is  the  magnetic  field  here? 

,  Is  it  true  that  the  eleqtrons  may  revolve  many  turns 
between  collisions?  '  '  ' ''  '  j  ^  ^ 

Hsieli  Hsi-te  '  , 

3y  the  strong  field  cited  a  little  while  ago,  it  is 
basically  assumed  that  the  periodic  field  in  v/hich  the  ‘ 
electrons  ar-e  situated  is  not  Influenced  by  the  magnetic  • 
field*  It  is  problematical  whether  it  is  still  possible- 
to  solve  Schrodinger *s  equation  on  the  basis  of  a  single 
electron  (ignoring  terms  of  a  magnetic  field )  in  a  magnetic 
field  as  strong  as  35,000  gausses, 

Kac  Llsn-p^ei 

It  seems  to  me  that  a  definite  explanation  may  be  given 
by  expanding  the  figure  [a*  H.  Wllsoui;  Theory  of  Metals', 
page  318  (1955)]  with  the  aid  of  Fourier's  analysis  into 
H-series,  The  question  posed  by  Mr.  Huang  as  to  how  many 
turns  a  free  electron  may  revolve  will  probably  be  treat¬ 
ed  later  by  Mr,  Chang  when  the,  works  of  Lifshitz  et  al,  are 
introduced  0 
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Ha  leh  Ha  1  - 1 e  " "  generally «'  UJy  1 
of  a  flasnotlc  .  f  i^ld  t 


8  used:  to  aokoto  the  'at^e&s'^h 


Huang  S*un  ^  -..V  '  v:,r;.iv:k  7 

Mr.  Hsleh  has  Just  spoken  of  one  type  of 's^aiidaW.  It 
seems  to  me  thet  ther©  is  ,  the  questlpn  ojf  t^o  ,typss  of 

standards  of  strensth:  one  being  the,  pdmphMsdh  of  the 

radius  of  orbit  Of  mOtloti  lia  a  masnetio  field  with  ,a  free 
path,  and  the  other  belhs  ihat  with  the,  size  of  sn  atomic  ^ 
cell.  Are  they  .riot  4,lejtiii:3kOt  from  each  Other*,  in  theoretical 
analysia?  v vi  ' ■ 

HelehHal-^te  ' 


cjenehally  i  ii  isr^di:*®  00^ 

path,  the  ittflhdnce’ of  a  ma^etlc,  field  ou^the  effective 
mass  has  not  yet  been  taken  into  consideration  at  present 


Oh* eng  g*ai~ohl’a'  ' 

Pekar  performed  Some  caiculat'icns  ori  mob^ 
tr>ons  in  CuoO.  One  method  t^ihs  employed  Involved  cofflptita** 
tions  with  polarons  and  theiother  with  the  ordinary  .elec¬ 
trons,  He  affirms  that  the?current  carriers  of  OU20'  are 
polarons,.  Is  it  not.  true  that  _of  the  two.  tyPOaPfc, ay  1- 
ties  of  germanium  which  you 'Mentioned,  a  . , 

one  consists  of  polarons  and  the  other  is  .not  • 

You  said  that  the  ratio  of  thStr  effecflyf  na^,®  ^®. 

That  apparently  explains  the'above  po.lht.  .  " 


Hsleh  Hsl-te 

It  is  the  concentration  ratio  that  Is  l/50»  The  effec¬ 
tive  masses  are  0.3  and  0»04  of  the  mass  of  an  electron. 


Qh*eng  IC*al-chla 

Is  It  not  true  that  the  electron  distribution  in  the 
energy  band  Is  related  ‘to . the  magnetic  field?  For  Instance, 
Y.n7 Shuvalov  of .Leningrad  University  Performed  electron 
Cloud  distribution  on  CdS  with  the  aid  of 
and  discovered  that  when  light  conducted  electr-clty  the 
electron  cloud  changed  from  originally  strong  to  we^. 

These  experiments  are  being  continued  at  present,  ana  it 
has  been  discovered  that  this  phenomenon  dlsapperars  when 


the  magnetic  field  increases.  The  phenomenon  isi  somewhat 
similar  to  the  stdpplhg  of .  superconductahce  hy  ,  a- masheM^ 
field  in  superconductivity v,  ‘  ,  > 


Kao  Lien-piel 


Mr.  Oh* eng  raided  a  Very  iiiteri^stihg  question.  What 
is  the  definition  of  anergy  band  under  the  action  of  an 
external  field?  Wsihtiier  aSked  this  question  in  his  work 
done  in  1937.  Redentl^.|,  ;01atbr,  Luttiuger,  Adams  et  al. 
did  some  further  Wot*k e 


OhauR  TsunR-sul  •' 

Since  the  momentum  k  i^rhich  dompr'iae's  the  vector  pot'en-  . 
tiai  is, not  commutative^  the: energy  ban  may  boSslbly  be 
meaningless  (thiit  is,  the  valkes  Of  end  H  dannot 

be  determined  at  the  same  time). 


Haieh  Hsi-te 

Somebody  added  magnetic  fiedl  to  the  de  Haas-van 
Alphen  effect  in  Shrodinger’s  equation. 


Chanp;  Tsung-sui  ; 

How  is  it  that  the  magnetic  field  is  not  altogether 
taken  into  account  at  the  very  beginning? 

Huang  K*un 

It  seems  to  me  that  this jis  due  to  a  consideration  of 
simplicity  versus  complexity  for  purposes  of  calculation. 
The  periodic  field  is  treated  first,  and  its  influence 
may  thus  simply  be  replaced  'by  effective  mass.  However, 
since  the  kinetic  energy  corresponding  to  the  de  Broglie 
wave  length  Involved  in  this  method  of  calculation  may  be 
comparable  to  the  distance  between  energy  bands,  then  the 
energy  bands  begin  to  blur  and  the  conception  of  an  energy 
band  becomes  questionable.  Perturbation  correction  may  be 
applied  when  the  difficulty  is  not  serious. 

Ghang  Tsung-sui 

It  is  not  a  question  of  whether  or  not  the  energy 
bands  blur.  There  are  many  states  in  an  energy  band,  and 
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k  k  k 

they  are  treat ea  as  oontinuous;  and  aenoted;.hy  ,%»  ■  ?».  2. 

Since  the  magnetto-  field:  has  increased  .  in  strength 
k*s  are  not  commutative  and  it  is  not  alwMS;.;fior.rect,  tp  ' 
discuss  E  as  such  and  such  a  function  of  *^y  and  “•2, 
treating  them  as  continuous*  (For  instance!,  jit  .  is^  n^ 
ways  correct  to  discuss  the  effective  mass  tenad'r" through 


) 


When  the  magrieticV'field'.ls  weak,  thlt  difficulty  is  not , 
serious.  However,  as  the  magnetic  field  increases  inde¬ 
finitely  in  strength,  this  difficulty  bbuhd  to  arise. 

Huana;  K^un 

The  question  is  hpw.^t^e^>ahbuid  the  magnetic”  field 

he*  "  ■  ■  '  ■'••ivMwi  ^ - 


[pages  188-189] 
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THEORIES  ON  Et.& TRONIC"  transition'' IN  CRYSTALS 
.  HUANO  icUtt 

(Department  of  Physics,  Peking 


I,  Introduction 

Photo-transition  and  thll'nioHransitilljOii , 

Woi^fc  in  earlier,  pferiOdS'/-  '-';  '■ 

il.  Theory  of  configiiraiion  coordinates 

Configuration  coordinate  diagra,m  and  application  Of  • 
the  Pranck-Conddn  principle;  (SeitSrlidtt  theory) 

Mechanism  of  en.drky  exchange  ' 

Ad jiroiritch*s  wo|'k  "W ’thermo -transit ion  ’ 

v/illiam ‘ s  quanti|1iati^e  theory  on  photo-transition 

Pundamental  d  iff ||ulty^  of ^  si'hgie  cdOrd  inate  theory 

III,  Theory  of  single^frequency  And  multiple  coordinates 

Theory  -of  photo-transitiori  ''  ; : 

Anaiysi's  'bf  -the  'p|*ohlem'  of  multipie  "coordinates  and  " 
multiple  phonons' ■ 

Theory  of  thermo i^tpans  it  ion 

IV.  Development  of  the  theory  of  multiple  frequency 

’  Transform  method  ;  " 

■  Transform  and  level  ranges  in  Spectrum  distribution 

V,  Summary  of  theoretical  findings 

Survey  of  contemporary  "actual  calculations 
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Connection  of  systematic  theory  and  configuration  co¬ 
ordinate  diagram:;  .  ... 


Problems  for  further , study, . 


[page  191] 


As  to  the  general  direct  loti  VrhichthS 'theory 
eventually  take  for  Itl  further ^deyelopmetit>  a  clear 
trend  has  not  yet  emerged- ’••i^  'U<5tit<itii^b'rs^^  works. 

It  is  worthwhile  to  pbttit  out  that! ttier.®  exist  in  contem¬ 
porary  theories  two  pi^lbli^iw ^.oif Slsoi^lcaoce 
which'  await'  further 


According  to  Mott ‘iltheory/'tSermb-transl^  proceeds 
through  the  intersecting  point  o|^;Oonfilgurat ion  curves, 
and  the  intersect ing-^^n|tit  bf  cin'ves  stidwa  that  in  this 
configuration  two  electrjanlo  stjal^e^  .ltrte  degenerate..  The 
situation'  is-'-simil-¥r^|nHhe‘''tho'o  multiple  coordinates. 


■'  U  r.'.' 


The  trahbi!tioti'  'utid^r'-hiSti  temperature'  takes-  islace  at 
least  in  tbe  cottfi^ra.tioti  where  ,t^a-,el*ectr*onic  states 
—  i->4fhuav-thnre  arises^  question. 


are 


On  the  one  hand,  th|®strlctly  degenerate  condition  en¬ 
visaged  in  theory  may  pCf  generally  exist  in  actuality. 

On  the  other: hatidV' provided  that  the  energy  of  one  elec¬ 
tronic  state  approaches! that  of  anotherV  clarification  is 
required  on  the  point  #n|ther  the.  analysis  on  the  basis 
of  adiabatic  approx imat|§p  hold ¥  true. 

Another  question  concerns  the  transition  process  where 
electrons  are  captured  by:  the  Impurity  etiergy  level  and 
opposite  electrons  are  excited  from  traps,'  which  is  of 
the  highest  practical,  significance.  Osloulations  on  this 
process  in  the  past'  U^»25i'31,327  invariibiy’ 'Ignored  the 
interaction-  of  electrons  in  a  free  state  with  a  crystal 
lattice,  :  v'-’v 


Under  general  cotiditlonsi  this  ii  'lticorisiStetit  ''i/ith  the 
premise  of  adiabatic  approximation  (even  as  an  approxl- 
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mation  of  6-degree)* ’^5  .Jtrii  ihis  sense,  the  current 
systematic  theory  lt|$l|  il'|jhable  to  take  into  serious 
oonsiderailon  the  sltuatihh  tiiat  Electronic  ^states  form 
a  contiliuqfUa  spectrup,  .  '  V 

Jm:',  \  \  ■  '  ' . 

Of  dfSUpse,  the  more^^eifll  indicated  work  is  to  pro¬ 
ceed  fuft^Ei*  in  compar ittg  tHEEfy  with  Experiments  and  tp  - 
analyze  the jlpi^oblems  ariaihg‘;|het‘efrbm*'.  This  matter  in¬ 
volves  thi ,  ahalysls  pf  pf  f  #b,is ,  in  higher  .'order  and  the  > 
study  of  tnE  concrete  mpdEl8  J‘elated  to ’electronic  states, 

:  '  i  ■'  ;Si  '■[  ,  '  ;  ■  ■  -V- "  '  ■■  ■' 

According  tp  the  #E|E!natld  theory,  for  instance,  if 
We  take  first  ajiprPxlmAtieh  oi  the  electron  wave  function 
into  account,  then  the  eiectrlc ’moment  will  include  the 
liriear  term  of  vibrator  Coordinates, '  ahd  the  coefficient 
of  the  quadratic  terps  ef  the  corresponding  vibrator 
Hamiltonian  quantity  such  as  (4*7)  will  also  be  related 
to  the  electronic  state,  (That  is  to  say,  it  is  not 
solely  a  question  of  the  prigln  pf  thp  vibrator, ) 

Both  may  cause  the  peak  a  spectrum  to  shift 

with  temperature  ahd  may  modify  the  shape  of  spectrum 
distribution.  Moreover,  the  non- simple-harmonic  property 
of  crystal  lattice  vibration  may  also  produce  a  similar 
result.  ,,  ■  , 

The  solution  of  a  number  of  eubstahtiai  problems  (such 
as  the  shape  and  shift,  as  well  as  the  luminous  efficlehoy, 
of  the  color  center  fpectrum  as  mentioned  above)  is  in 
fact  reduced  to  the  analysis  of  a  number  of  such  effects 
of  higher  order,  '  _ 

On  the  other  hand.,  no  matter  whether  it  is  for  the  pur¬ 
pose  of  performing  (Quantitative  calculations  toward  the 
solution  of  definite-  problems  or  to  help  clarify  questions 
concerning  the  effects  of  higher  order.  It  is  always 
necessary  to  probe  the  problems  of  concrete  models  related 
to  the  properties  of  binding  centers,  the  interaction  of 
electrons  and  crystal  lattices,  and  the  definite  forms 
of  crystal  lattice  vibrations. 

This  report  la  baae(a  upon  my  general  understanding  of 
the  subject.  Special  mention  should  be  made  that,  due  to 
haste  in  the  preparation,  it  has  not  been  possible  to  have 
some  of  the  dlscusSed  questions  and  the  cited  data  examined 
further  and  checked  against  original  works,  [page  201] 


■V  ;r-; 


Diacussioil  K 


^<5.  .  u 


Oh '  eng  K'*al-ohl_a, 


..  ...  ^ ^ .. 


A,  -r 


In  a  atrons  qoupllng,:  iradlapon  damplns  plays  a  consi- 
deralDle  part  and  should  lie*  liaken  into  - 

therefore*  it  |.|  not  poeslhlfe  •  .  ®s^t^e^t^ 

aition  prohabilltyi  Dampins- 
and  /Uab/^  should  he  determined  the  H 

integral  equatiohi  .•  ■  '  • 


i'Vaccount,;..  . 

'P  ^  eng;' 


Huang  K*un 


’  ■*  -  - 


Dadov  did  some  work  "in  which  jdamping  is  taken  into 
account,  I  have  not  n^ade  ao careful  study  of  his  work  and 
am  not  able  to  tell  the  definite ^result. 


i  v.  1,0 


Oh  *  eng  K  *  ai-*chia. 

The  damping  effeefeahouid  be  intrbduced  into 
of  the  transition  matrik.  .As  a  result  of  a 
t ion,  we  may  multlplf:^!|he  square  of  the  element  of  trans- 
,tion.matrlx:;by' 


i,  • .  (En-Bn' 


I:  (En-En') 


It  is  directly  proportional  t,o  a  factor 


I  '2 


iCSn’^Eniii 

<r 


Thus,  the  maximum  value  transition  prpbablll.ty^ls  no^ 
at  Eri-Sn»=0.  This  may  explain  the  with  -temperature 

of  the  peak  value  of  the  color  center.  According  to  my 
calculation,  the  shift  T#*  ;  .  .  ...  ■ 
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Huang  K*un 


As  the  actual  result,  it  Is  basically  directly  pro¬ 
portional  to  T.  •  ^  . 

Ch*eng  K^ai-chia 

Your  original  metihoi  can  be  used  only  for  long  wave^,  ^ 
The  changd  ih  W  conQlt*!!!^  shor^i  waves.  fThe  method  Is  not 
applicable  har‘^|;J>e4Au^e  the  i*ecpi^^^^  phonons  has 

not  been  cott3i(iei*fed(^  -r  ■  ^ 

P*eng  Huan-wu  ,  ,  ,  .  :  ;  ; 

Does  the  method  in  question  nifeaii  the  adiabdtio  approxi¬ 
mation? 

Oh  *  eng  K ! ai-chia 

■  t  '  !  ' 

The  Olid  bded  is  a  contact  transformation  similhi^  ib 
thht  of  Bloch-Nordsieck^v  It  is  tantamount  to  neglecting 
the  action  between  phonons. 

’■/-j 

P^eag  Huan-vm 

if' ^  , 

It  is  a  question  of  the  origin  moving. 

Huang  K*un 

I  still  do  not  understand  how  there  la  a  question  of 
recoil  here.  I 

V' 

V 

Oh 'eng  K* ai-chia  i 

The  situation  is  tantamount  to  combining  the  term  of 
interaction  qk’e^^*^,of  square  matching.  A  is  relaoed  to 
X.  This  method  is  the  Bldch-Nordsieck  method  with  the 
recoil  omitted.  It  is  due  to  this  fact  that  the  L, 
polaron  has  been  criticized  for  providing  no  conslderaoion 
for  recoil  afterwards.  It  is  considered  in  an  approxi¬ 
mate  member, 

Huang  K'un  . 

It  seems  that  this  problem  will  not  arise  if  adiabatic 
approximation  may  be  used. 
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■fei  'is^ 'the  point  ,  biat  adlalUtic  -appro, J^tlpatlan  capnot  be 
used.  ,  • 


Huang  K*un  ,  i A  ■■. ' 

'G  ppeaeftte  ;nQ:41t flculty,  in 

tbe  probletBS  of  bou^  41  eofcronis-i  becaua%|^he  , /localized 
wave  function  c6aipr|eel -all  the  iiiomehinm',e^  and  may 
absorb  random  recolie.  Secondly*  In  tbiefcconnection,  IP; 
la  not  a  question  of  emission  of  phbribnS  by  electrons,  but 
of  the  chanse  of  the  elastic  equilibrium  point  so  that 
there  is  a  release  of/.elastlc  energ^  appearittg  in  the  form 
of  phonons  and  so  that ' the ■ -total  i^bmentuo  of  the  released 
phonons  is  0.  [pages  202-203] 


T  •  '>  V'; 


THE  THEORY  OP  COLLECTIVE  VIBRATION  OF  ELECTRONS 

dh‘eng  K*^l-‘cK'la  ' 
r  (Nahklas  University ) 


I.  Introduction  : 

1.  General  survay  of  development  in  observation  and 
theory  bn  plasma  vlbritibn  ” 

il.  Classical  tfiebries  on  plasma  vibratibn 

2,  Electroh  gas  densitj^ 

5.  Two  types  of  fluctuations;  thermal  motion  and 
collective  vibration 

4,  Interaction  of  high-speed  electrons  and  collec¬ 
tive  vibrations 

III.  Quantum  theory 

5*  Deraa.rca;tl;On  between  collective  vibration  and 
lndivl'4Ual  motion  of  .electrons  ' 

6i,'-  Representation  with  interaction  between  plasma 
vibration  and  eleptroh  eliminated 

7.  Determination  of  ig]),  correlation  energy 

IV,  interaction  of  ionic  periodic  field  and  ionic 
vibratlpn  ■>"  . 

8.  Wolff -Adams  theory 

9.  Theories  of  Prohlich,  Hubbard ,  Mott ,  et  al.  j 

10.  Interaction  of  ionic  vibration  and  electronic 
collective  vibration  and  its  Hamiltonian 

II.  Hamiltonian  pf  electronic  and  ionic  vibrations 
after  the  elimination  of  Interaction 

12.  Problem  of  interaction  of  a  particular  electron. 

and  ionic  •vibration. 
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V»  Experimental  evidences  rel.at^  s'to.  vibration 

13.  Experiments  by  Huthfemann,  'Langj'jet  al. 

14.  Effect  of  Sc^attering  direction  of ,  epe;rgy,  .lo.ss  , 

15.  Knight’s  Sh^ft 
VI.  Some  bonciudii^g  i*emarl£8'  ' 

Bibliography  .  ■ ’’o 
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VI.  SOMBwQONOLtJtiiiicJ  R^IARKS 


The  study  of  the 

metals  with  the  aid  '.of -  the  conpept  pf.  cpllectl^^ 
electrons  is  Indeed  a  great  leap  forward,  4n  theory, 
cally,  it  solves  the  prpjjlem 

action  between  eloctrop3  :i^  metals,  elicits  fjj®^®jj^® 

of  collective  macrosco^ipmotlonff  of  electrons,  and  ®^p^® 

the  demarcation  between|micrpscopic  a*^  maoropoopl^,; motion. 
This  theory .  is  substantiated  by  both  the  „ 

and  experiiiiental' pomts^p  view.  Moreover,^there  .has  been 
progress  in  mathematloa|i:technique  ^^®  '*'5?^^’^ 

Ld  it  is  possible  to  consider  concrete 

compare  experimental  data.  It  is  also  ppsslb  ®  , 

the  existence  of  discontinuous  energy  1®’'®^® 

vibrations'.  Therefore,  :p  is  possible  to  ascertain  , thaw 
this  effect  does,  exist,  i|,  ,  ^  • 

However,  there  are  a  few  questions  in  the  tlaedry  itself 

which  deserve  more  thorough  investigation.  , 

1.  The  question  of  coiiective,  motion  in  ®  P®nd  or 

a  nearly  full  band  should  studied  more  thoroughly.ItlS: 
necesSaby  to  study  how  the  inf Ittence  pf  the^  energy  pJJ 

collective  vibration  manifests,  itself  in  this  key  q  e  , 


and  to  study  whether^  there  is  shleldiiis  action  in  a  full 
band  and  how  the  .ahlsldlng  action  of  different  energy  bands 
takes  place.  .  , '  ■ 

Particularly,  it  is'necessary  to  study  hoW  the  distri¬ 
bution  of  electrons  .between  various  energy  bands  is  re-^ 
lated  to  the  freqUettdy, of’; vibrations* 

2,  Is  there  any  mdia  appropriate  rule  for  the  chbicd-' 
of  ^D?  The  rule  for jjblving  for  %  by  minimizing  ?V'  ‘  ' 

relying  on  the  variaMbnal  theory,  cannot  be  accepted  as 
the  rule  for  d et ermlning  the  physic al-,;^P i ,  but^  ia  Ohiy-  a 
rule  of  convenience,  and„thus  the  'pby,aidal,  hf^niflcance  of 
Debye  s  wave-length  fpi  is 'nbt  Sufficiently'  clear. 
Moreover,  in  petals' is  far 'small-er  than  the  distance 

between  atboia  ahd  its  influence  on  atoms  must  be  given 
careful  consideration,  jn  factj  , this  is  the  influence  of 
an  energy  band  and  a  deeper  understanding  of  it  is  neces¬ 
sary, 

3p  Study  should  be  made  bf  the:  region  where  lu,^ J2 2 
because  the  copd  it  ion  <^o  ;<  is  similar  to  the  basis 
on  which  Wentzel  objected  to  the^Prohllch-Bardeen  theory 
in  superconductivity,-  .  ^’1  '  ^ 

4,  As  to  the  accuracy  of  the  calculation  of  binding 
energy,  application  of  the-^Bohm-Plnes  theory  is  not 
appreciably  more  successful  than  that  of  the  Wigner-Seitz 
method.  Therefore  it  is  necessary  to  study  the  methods 
in  order  to  achieve  accuracy. 

In  addition  to  the  above,  in  connection  with  the 
course  which  the  development  of  the  theory  of  collective 
vibration  may  take,  there  are  several  problems  that  may 
be  investigated.  For  Instance: 

1.  Vie  study  the  canonical  transformation 

inter  dif-  , 


This  is  opposite  to  the  interaction  representation  of 
Tomonaga  Shinchiro  and  may  be  termed  the  “Actiohless  Re¬ 
presentation,  "  Wtiat  are  the  characteristics  of  this 
transformation?  Is  there  any  general  theory  to  be  in- 
troduc  ed  ? 
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2.  In  eleGti''odynainlaS  colleotive  ^iferaiioM'Aay'^ 
occur  in  electnbn's  or  negative  energy  levels.  -It  la  true 
that  their  frequency  a^jporachea  infinity,  as  V'  -  ^  ‘  ' 


3  K  ’  -  . 


4  T'#  Vt 


However,  study  may  he  liiad'e  with  the  aid' hf*  t^e  teohnique 
of  positiye  hSiduction. ,  , The  question  is:  ,vifhat  do  those 
vibi^atidnl  -i^hiCelit  in  the;  fieid; theory^  inhere  any 

new  aubjedt .-p ' 


3.  What  is  the Int^ii^rel^^i/n  hetweett  "lohic  vlhratlons 
and  electronic  vihraiibna?"  $lhce  there  are  poiarona  in 
ionic  vibrations  aiid;  also  ■'ih  .eleclidohio /vibrations,  in 
what  transitional  form  does , /the  flubtuatioh  of  those 
two  types  of  polarons  /croBimeb  miil  O^^  to  the  ^ 

otheh?  Is  there  a  trahaitioh^/Watt^dtei*?  Where  is  .the 
transitional  point?  ‘Has  it  anythirig  to  do  with  super* 
conductivity? 


.The  above"  are  hugges  :  The 

solution,  of  those ,  probieos  will  be/hei]^ful  toward  an  , 

eJCplanatioh  of  many 'ohertomena’in 

and  ionic  crystals, fliay  also  reveal  the' characteristics' 
in  new  crystals,  .andpSlay  perhaps  apl^e  the,  problem  of 
aupercohductlvity. 

r/...- :  ,  [psiges :^259-26oi-'' 


*  .  *  * 

DISCUSSION 


P*eng  Huan*wu 

I  do  not  sufficiently  understand  the  area  which A ^ 
may  define.  The  area  which  may  be  defined  by/? 
be' larger  than  that  by •  Is  related  to.  the  mean 

distance  between  background  positive  charges?  Is  A  ^ 

larger  or  smaller  than  it?  . 
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Ch*eng  K*ai*chla/ 

From  the  point  of  View  of  the  theory  itself,  they 
should  be  related.  It  Kp  is  Smaller  than  the  distance 
between  atoms,  then  the  average  positive  charge  distri¬ 
bution  will  be  meaningless.  Iii -principle, ?t.p  should  be 
larger  than  the  distance  ^s  between  atoms.  HoWever,  as  a 
matter  of,f^ct,  0.$:  a  ahd  ^8/^3  £  for  metils*  Indeed,', 

the  quest ibh  of  an  ener^  hand  .is  Involved  henei  - 

is  very  la^ge  and  energy  band  strubture.  will:., definitely,  be 
Involved.  :  .  V  ' 

Chang  Gh*enp:-hsiu  .*  ■'  . 

Recently  a  paper  by  IdhlkaWd  on  electronic  collective 
motibns  is  sblids  was  published  (Ichikawa,  Y.  H.,  Prog. 
Theoreti  Phys.  18  (1957),  247).  He  did  not  employ  the 
method  of  canonical  transformation  use'd'  .by  Bohin  and  Pines, 
but  defined  the  coordinates  of  electronic  collective  motions 
by  the  fluctuations  of  electron' dens itj.  .  His  method  has 
the  following  merits:  (D j  it  may  avoid' the  difficulty 
caused  by  the  introduction  of  auxiliary  ccndlt ions (2)  it 
may  be  applied  to  other  forps  of  potential  energy  than  the 
Coulcmbian  potential;  (5)  it  takes  into  consideration  the 
periodic  field  in  solids}  (4)  it  -ti'eats  the  kernel  elec¬ 
trons  of  ions  and  valence  electrons ‘similarly,  and  there¬ 
fore  the  polarization  effect  of  an  ionic  kernel  may  be 
discussed.  (5)  Owing  to  the  use  'of,  second  quantization, 
the  property  of  Fermi  statistics  of  electrons  has  been 
taken  into  consideration. 

Ch*eng  K*ai-chia 

Bohm  and  Pines  also  worked  with  second  quantization 
and  then  Heisenberg  representation.  Usually  we  hope  to 
make  use  of  the  Hamiltonian. 

Yang  Li-ming 

It  makes  no  difference  in  the  application  of  canonical 
transformation  whether  the  second  quantization  is  used, 
jThe  Japanese  have  a  set  of  methods  of  their  own  in  intro¬ 
ducing  collective  motion. 

The  collective  motion  in  ah  atomic  nucleus  is  an  another 
form,.  It  seems  to  me,  therefore,  that  the  statment  in  the 


report  that  the  theory  may  offer  the  possibility  of  solvlns 
the  problems  in  this  respect  might  not 'have  any  foundation# 


'  In  some  nuclear  excited  stat.as'  corresponding  to  volume 
vlbrationsi  it  is  posslble’.'tov  apply  such  at  description  of 
colledtive  ttbpoti  to  the  nudleon  In  the;‘nucleus  (Perentz-, 
M,;  Gell-Manhi  M, ;  and:  Pines*. iBi*  :  Hiy3i  92  (1953;» 
836).  However,  it  is  §urfade  Vibration  in  th%.oase  of  a 
low-energy  nuclear  state  that  is  moPe  easily  excited.  The 
description  given  above  of  •colledtive  motion  fiiay  hot  be 
applied  to  nucleons  under  that  cOhditlon  (Pines,  D,, 

Solid  State  Phy s Ic s ,  v|l  1  *  page 449 ) . 


if  the  Hamtltoniah"1^'tt  th#,  Of  in  electro¬ 
dynamics  is  not  satiafabtory.»;?w^  consider  directly 

the  interaction  betwee^’ electrons  and  ions-,  using  second 
quantization,*  Auxllie**y::'Coridit^^^^^  be  avoided  in 

this  way.  :  ih  quantWr^beory,*  the;  division  of  .H  into 

arid  thus  Iritp  collective  and  individual  mot  ions,  appears 
to  b^  the  play  of  trla^Vahd-error ';in  order  to  get  the 
answer  bee ause  the  original  Hamiltonian  and  the  auxiliary 
conditions  are  both  ln|^pendent  of  \''p  •  ■ 

It  seems  to  me  that-%he  most  essential  factor  hinges 
on  the  criterion  of  the'dlvislon  of  those  two  types  of 
motlonsT-collectlve  and  individual.  In  this  respect  I  do 
not  agree  completely  with  the ‘classical  part.  -  The  cri** 
terlon  for  distinguishlhg  the  collective  and  individual 
motions  p  and  ">7  is  not 'Whether  andy^  may  satisfy  a 
single  equation.  The  difference  between  the  individual;  ' 
part  of  P  and  the  original  p  in  theory  consists  only  in 
that  a  similar  shielding  is  added  to  each  electron.-  There 
fore,  >7  should  be  able  to  be  divided  into  two  parts— the  ' 
collective  and  the  individual;  thus  there  is  also  a  col¬ 
lective  component  in  >7^  .  * 

The  theory  of  division  into  two  types  of  motions  does 
not  only  originate  from  Newton's  formula,  but  should  also 
concern  the  correlation  between  two  electronic  motions, 
which  is  to  be  used  as  such  a,  criterion. 
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Huanp;  K*un 

■  >  ■■■.  . '  '  ; 

I  wonder  if  the  jjiallficat’ion  of  A^?  consists  in  that  it 
is  actually  possible  to  matke  .the  terra^  of  individual  motion 
in  the  parlj  of  colledtivi^  motion,  a^‘  well  as  the  term 'of 
collective  motion  in  the  part  of  individual  motion,  very 
small,  seems  that  the  purpose  of  the  variational  method 
is  to  make,  Getting  those  terms  at  minimum  the  most  appro¬ 
priate  method  of  chop sing  the  demarcation  point  •  Of 
course,  the, petstpatioh  between  those:  two  cannot  possibly 
be  absolutely,  rigid  i  ^ 

in  connect  loti  w^th  the  interpretation  of  the  Bohm-Pines 
theory,  t  wish  tp  add  an  idea  of  my  own.  The  interaction 
between  electhohb  had  in  the  past  been  represented  by  an 
aVPrage  field.  Apparently,  an  average  'field  had  not 
solved  the  problem  of  interact Iph,  because,  as  a  result  of 
taking  the  solution  in  an  average  field  as  an  approximation 
of  0-order  and  then  taking  interaction  as  perturbation,  . 
the  difficulty  of  divergence  arises,  Bohm  and  Pines  solved 
that  problem  from  an  entirely  d.l,ff erent  angle,  because  the 
collective  vibrations  with;  very  high  frequency  under 
general  conditions  do  not  excite  electrons  which  are  acted 
upon  by  the  remaining  so-called  individual  motions  as  if 
there  are  Coulombian  forces.#.  ' 

*  Therefore,  a  solution  has  been  found  for  the  assumption 
made  in  the  past  tha,t  ^lectrbns.  are  basically  treated  as 
free  electrons.  Free, electrons,  though  not  entirely  un^  ' 
shielded  exhibit  only  shielding  Ooulombian  forces  among  . 
themselves  (thus  greatly  reducing  the  short-distance 
action).  Vonsovsky  pointed  put  that  one  of  the  purposes 
of  the  study  of  the  theory  of  multiple  electrons  is  to 
show  how  the  single  electron  theory  succeeds  so  trlmp- 
hantly.  I  feel  that  the  Bohm-Pines  theory  has  basically 
achieved  that, 

Ch*en^  IC*al-chia 

Ap  may  be  treated  as  a  variable  parameter  in  the 
ordinary  variational  method.  Variation  makes  the  first 
approximation  a  minimum. 
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Li  Yln^-yuen  ' , 

-Ndf'taentioa  has  been  made  in' eXpfei?3;m6n  the  theory 

as’  /to  iffhether  it  is  possible  , tp'^Hxeite  plMiia;  vibration 
with  eleetromagnetic  wayeai  ri|wdjndpr  Ch* eng  has 

examined. , this -problem. IV;.-' 

Gh*erig  K’al^i-ghia.  ' '.’''C-'V' 

I  have  not .  iinee  d id :  f'eveal  that  an  -  #leoti»omagnetlo 
wave  could  not  excite  flbrations  when  paealng  a  metal 
plate  which  was  too  thih,*^.,  .  ,  .  a 

HuansjCuS  ■  ■  V.  i'., 

In  connection  with  an  eie'dtft^iheiid  wot^  not 

necessary  to  consider'  the  -trat^iyil^a;.  va^e?  In#'f 
of  transverse  Waves  is  ^?lOweri' ''Vl' Wo'hdOl*  how  ioW ‘it’  la« 

Ch'enR  IC’ai-chia  f .'■  '■'v'. 

It  is 'Of  the  same-’order 'OT  tiashitu^e;-'" 

Chan^t;  Gh* eng^hsiu  . 

On  the  blackboard  Mpv  Ch*ens  wrote  q  as  the  vanishing 
operator  •of  ihe  longitudinal  wave  photon  in  the  lohgitu- 
dinal  wave 'e^c'pans ion  of-‘A,' and  later  on  q  appeared 'agaih'  . 
in  H-.aS  the  coliectlve  iHbration  coordiriatei 

Oh  *  eng  K  *  ai-ohia  '  \ 

Both  a*  and  a'*’  are  inciuded  Ih’q. 

Changi  Oh  *'eng"hsiu 

My  question  is  whether  or  not  the  plasmon  may  be^  treated 
as  a  longitudinal  wave  photon. 

Ch*eng  iC*ai^ohda. 

Yes,  it  may. 
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But  connections  may  be  ma^e  between  this  longitudinal 
wave  photon  and  the  auxiliary  conditions,  while  a  large 
portion  of  the,  problem  cannot  be  seen  if  it  is  placed 
under  the  auxiliary  conditions,  . 


This  Is  bHe  of  the:  unique  specifications  of  the  elec¬ 
tromagnetic  field:  ^  a  0  and  4  ^  ..0»  kihiqh  is  Just 
opposite  to  that  in  the  methbd-  iised  iii'hrdlnary  quantum' 
electrodynamics,  ■  I  ■  '  ' 

’ '  260-261]  ■, 


A  BRIEF  ACCOUNT  OP  THE  RESEARCH 
WORK  OF  N.  N.  BOGDLIOBOX  AND  OP  •  '  .  .  ... 

-N-;:  ;Mv  LIF.^lllTZ,. 

i.'  ...  1  *  ■  J  ' 

Chang' Tsuns-sui;"  ^^^^^^^ 

(Institute  of  Mathematic^', 

Chinese  Academy  of  Sciences) 

The  repor‘t  la  diV-lded  into .  thrke-^p#rts^^^^^^ 
concerns  the  hppt^oximate  theoi'y  6f  dedcn^li:  duantissation 
of  Bogoliuhov  (with  an  additional  desdi^lption  of  the 
method  he  used  in  treating  the  perturhatioti  theory  of  the 
degenerate  system).  Another  paH  relates  the  main  points 
of  his  paper  on  the  superconduc'piylty  theory.  The  third 
part  gives  an  account  of  Lif shits *s  work  in  the  study  of 
the  properties  of  metals  under  a  magnetic  field.  The 
last  part  is  to  he  supplemented  by  Gornfade  Kao  Llen-p  ei* 

Cpage  274] 


DISCUSSION 


Hsieh  Hsi~te 


The  Lifshltz  theory  described  by  Mr.  Chang  has  much  to 
contribute  to  the  study  of  the  de  Haas-van  Alphen  effect 
in  metals.  The  result |pg  quantization  oondltlon 


i 


dPx 


(n  -f  r)k  is  the  same  as  that  obtained 


by  Onsager^.  By  measuring  the  period  of  the  oscillation 
of  magnetization, 

0  Pv  dPv  ®ny  be  solved. 
u  ^ 


^Onsager,  L.,  Phil.  Mag.  34  (1952),  1006. 


The  effective  mass  of  the  closed  surface  of  equal  energy 
mentioned  by  Mr*  Kao  may  be  expressed  as 

m*  -•^^33  , 

2r[zi  E 

In  fact,  thi4  foi*p  of  effebtive  Jnass  has  been  adopted  In 
the  experimefits  on  byclotrdn  resonance  of  p^type  germanium 
and  silicon!  I  if  thn  velocity  bf  the  cavity  perpendicular 
to  the  magnietib  flbld  is  v  ahd  the  momentum  perpendicular 
to  the  magnet ib  iield  and  the  velocity  is  p,  then  dp  =  —  vH  dt. 

2  'if.  =  0  c  dp  and  V  at  'ti  dk  i  where  ko  is  the  component 
w  eHV  ^ 

of  vectob  k  Ih  the  direction  perpendicular  to  H,  From 

w  s:  eH 
m*c 

and  dp  =  k.-,  do?,  we  obtain  m*  =  k  ^  dZ-l  If  &’E  is 

I  2  J  ^ 

independent  ot  cO »  then  the  above  equation  becomes  the  same 
as  2 

m*  ~fa  ^3.  From  the  study  of  the  change  with  temper- 
"  2 

ature  in  the  oscillating  amplitude  of  magnetization  in  the 
de  Haas  van  Alphen  efffct,  m*  may  be  determined. 
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Mo'b  Tagfi:.  '  -  ■  ■  ■ 

Having  heard  Mr*  Chang  T3ung-aui‘s  and  Mr,  Kao  Llen~ 
p*,e|' a  accounts  o?  the,thao.ry  on  galvanic  phenomena  of 
'a 'ffiagn, Stic  field"  ih  metals  advanced'  by  l'«  M,  Lifshitz  ' 

.  et  al,,  I  wonder  if  it  Is  . possible  to  give  a  more  coafigu- 
"rationiaed  Interpretation  to  the  theory  in  a  rudimentary 
way. 


' Lif shita  et  al.  clearly  and  definitely  pointed  out  that 
two  types  of  energy-quaslmomentuffi  (E-p)  relations  of  elec¬ 
tronic  states  in  metals  should  be  distinguished,  that  is  to 
say,  the  two  types  of  surfaces  of  equal  energy  in  quasi- 
momentum  space  should  be  distinguished.  Figure  1  la  a 
two-dimensional  diagram  indicating  the  two  conditions 


pi^ure 


i 
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dlstinsuished  by  Llfghitz  et  ali  In  the  figure,  A  repre¬ 
sents  a  non-tcXosed  surfade  of  ecjual  energy.  Yt?hat  Is  the 
fundamental  difference  betwefeti  those  two  cases? 

According  to  the  accounts  given  by  Mri  Chang  Tsung-sui 
and  Mr.  Kao  Lien-p'ei,  in  thS;  case  of  a  closed  surface  of 
equal  energy)  when  there  iC  the  action  of  an  external 
magnetic  fi#|d,  the  quasimotoehtiim  p  of  electrons  moves 
along  a  our^e  (the  cufye  of  intersection  of  the 

plane  perpeii|;idulai<  to  the  ext ef rial  magnetic  field  with  the 
surface  of  e^ual  energy),  betUhhlng  to  its  original  posi¬ 
tion  in  a  definite  period  without  cessation;  therefore 
the  effective  mass  m*  may  he  jiositively  defined  by  the 
period  Ti 

jin  a  nCn-closed  surface  of  equal  ener^,^wever,  p  may 
extjsnd  toward  infinity  along  the  non-closed  curve,  without 
returning,  and  therefore  m*  cannot  be  defined  in  the  same 
way*  The  two  forma  of  motions  of  p  are  indicated  by  the 
arrows  in  Figure  1, 

It  seems  to  me,  however,  that^  =  6(p)  must  also  be 
periodic,  considering  the  periodicity  of  a  crystal  lattice. 
Therefore  area  I  is  physically  the  same  as  area  II J  and 
point  A  is  physically  the  same  as  point  B.  When  p  goes 
from  point  A  to  point  B,  it  is  tantamount  to  its  return¬ 
ing  to  point  A  and  repeating  hereafter  the  motion  along 
line  AB  without  cessation.  Thus,  in  the  case  of  a  non- 
closed  surface  of  equal  energy,  the  motion  of  electrons 
in  p  space  is  still  periodic  as  in  the  case  in  a  closed 
surface  of  equal  energy.  It  is  not  necessary  to  envisage 
it  as  extending  to  infinity. 

In  line  with  the  idea  that  occurred  to  me  Just  a  little 
while  ago,  I  wonder  if  it  is  possible  to  view  the  intrinsic 
difference  between  the  two  situations  from  the  standpoint 
of  symmetry.  Since  the  periodicity  of  g  -£.(p)  has  already 
been  mentioned  above,  it  is  only  necessary  to  examine  the 
surfaces  of  equal  energy  below  (Figure  2  and  Figure  3). 

The  shaded  areas  represent  the  electrons  in  the  vicinities 
of  Fermi  surfaces.  The  energy  levels  within  the  Fermi  sur¬ 
faces  are  almost  all  occupied  by  electrons  *  It  may  be 
seen  from  Figures  2  and  3  that  the  distribution  of  electrons 
is  symmetrical,  both  with  respect  to  a  horizontal  a,xi8  and 
to  a  vertical  axis. 

i 
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Figure  4.  , 


Ulider  the  action  of  the  magnetic ’.'field  ^2' In  a 
direction  perpendicular  to,  iwid  away  from,  the  plahe 
of  the  figure,  the  electrons  move  iii  th®  P.  spsc®’ • 
along  the,  surfaces  of  equal  energy  .(, represented  hy  the  . 
curves  in.tjde  figures),.  The  senses  of.  direction  of  thp,... 
motions  are  Indicated  .by.  arrows.  As,  to  the  motions  in  ' , 
ordinary  space  of  the  corresponding  electrons  under  tnose 
two  different  conditions,  indication  la  made  diagrarama- 
tically  in  Figure  4, 
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Flgur©  6. 


fhen  the  influence  of  the  strong  magnetic  field  on  the 
electronic  directional  motion  produced  by  the  aetloii  of  an 
electric  field  is  the  Bame  as  that  caused  by  reTolTing  the 
shaded  area  in  Figure  5  arOUhd  the  origin  in  circles.  .  Thus 
the  electronic'  directional  motion  no  longer  maintains  a  de~ 
flnlt©  direction,  but  takes  all  direetiona,  and  if  viewed 
in  the  entirety  it  is  completely  cancelled. 
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Ve3*y  clearly,  the  electrons  In  a  closed  surf abe  of  equal 
energy,  siich  as  (i)  are  always  travelling  in  circles.  Some 
electrons  On  a  hon-closed  surface  of  equal  ener^,  such  as 

(II) ,  however,  have  moved  In  the  direction  of  x  for  a 
length  of  path  after  th#  lapse  of  ari  interVal  Of  time.  At 
the  satlie  time  there  must  be  some  other  electrons  such  as 

(III) ,  moving  in  the  opposite  direction  (the  direction  of 

-X  ) , 

j,  ( 

Therefore,  as.  far  aS  all  electrons  In  the  entirety  Is 
concerned,  there  is  no  motion  In  a  fixed  direction.  Here, 

If  the  magnetic  field  is  strong  enough,  then.  In  the  time 
Interval  between  two  collisions  of  electrons,  the  number 
of  turns  an  electron  in  Figure  2  revolves  will  be  the 
same  as  the  number  of  times  an  electron  in  Figure  3  re¬ 
peats  its  motion. 

If  the  action  of  an  electric  field  is  introduced  in 
addition  to  that  of  the  magnetic  field,  the  situation  will 
be  different.  We  may  view  it  in  the  following  way.  Figure 
5  and  Figure  6  represent  the  situations  where  only  electric 
field  Is  applied.  Under  the  action  of  the  electric  field, 
the  entire  electron  distribution  moves  along  the  direction 
of  the  electric  field  in  the  p  space.  At  the  same  tiffie, 
due  to  occurrence  of  collisions  which  cause  them  to  return 
to  their  original  distribution,  stable  distributions  such 
as  shown  in  Figures  5  and  6  are  thus  reached.  These  dis¬ 
tributions  are  not  symmetrical. 

The  parts  remaining  after  the  symmetrical  components 
have  been  taken  away  are  represented  by  the  shaded  areas 
in  the  figures.  This  corresponds  to  the  fact  that  the 
motion  of  some  electrons  in  ordinary  space  cannot  be  off¬ 
set  by  the  motion  of  other  electrons  in  the  opposite  direc¬ 
tion,  Hence,  in  both  cases  of  the  two  types  of  surfaces 
of  equal  energy,  there  are  directional  motions  of  electrons. 
In  other  words,  electric  current  is  produced. 

When  a  magnetic  field  also  exists  at  the  same  time,  the 
action  of  the  magnetic  field  will  cause  the  electrons  to 
move  along  the  surface  of  equal  energy  in  the  way  des- 
cribed  above.  In  the  case  of  a  closed  surface  of  equal 
energy,  we  envisage  a  spherical  surface  of  equal  energy , 
that  is,  the  area  occupied  by  an  electron  revolving  on  the 
xy  plane  with  the  origin  as  the  center. 
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It  is  the  same  as  revolving  fan  blades  and  appears  to 
be  a  circular  disc.  As  far  as  the  motion  of  Electrons  in 
actual  space  is  cone efn^»  the  individual  electrons  situa¬ 
ted  in  the  shaded  areA^  ih  jj’igure  5  at  that  time^  acting  as 
(i)  in  Figure  4,  are  hot. ^proceed|.ng.  uniformly  in  a  certain 
direction.  A  conclusion:^  may  thus  be  r^aqhe^  that  in  the 
metals  whose  Fermi  surfdbes  are  clbsed  siihfacSs  bf.'e^ual. 
energy,  as  the  magnet fbj  'f'ield  "z  inbreasei  tb  a  bbnsidbh^  ; 
able  magnitude,  the  current  (that  is,  thb  cohduqtance)" 
perpendicular  to  the  |it*eqtlon  of  the  magnetic  Held  •  ' 
approaches  zerbi  ^  .a- 

In  the  case,  bf  a  non-ciosed  surface  pf  equal  energy, 
the  influence  of  the  :magh|itic  field  on^ppnductance  is 
entirely  different  i  Ihe  pibtion  of  the -magnetic  field 
causes  the  elebtrons  to  travel  along  the  surface  of  equal; 
energy  ih  the  p  space,  A|  may  be,  .seen, from  Figure  6, 
although  the  electrons  inithe  shaded .Area  may  travel  back 
and  forth,  they  will  remain  in,  tAe’.  vlbinlty  of  the  shaded 
area  (moving  in  the  dlrecfion  arrows 

in  the  figure), 

Therefore,  the  directlbnal'^  motion  of  the  electrons 
produced  under  the  action "pf  the  electric  field,  a's  re¬ 
presented  by  the  shadedr: a^baji  still  exists.  Therefore, 
the  eiectric  current  dbps  |iot^  disappeEr  and  the  situation 
is  generally  similar  to  t^t4w;iihout  the  magnetic  field. 

With  more  specific  reference  to  the  situation  in  the  . 
actual  space,  the  electron^  moving  as  ,(il)  in  Figure  4' 
will  exceed  those  moving  a®  .fill),  with  the  result  that 
directional  motion  cannbt  foe  cancelled  ^completely.  It 
may  thus  be  seen^  that  in  the  metals  whose  Fermi  surface 
is  a  noh-closed  surface  of  equal  energy,  as  the  magnetic 
field  "z  increases  to  a  considerable  magnitude,  the  con¬ 
duct  ahee  in  the  direction  of  x  will  not  approach  zero  but 
will  actually  approach  a  stable  value. 


^Note  after  the  Conference;  This  point  was  not  ex¬ 
pressly  brought  out  when  the  speech  was  delivei'ed. 
Later  on,  Mr,  Huang  K*un  .supplemented  my  idea. 

^Sameas  1, 
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:  In  short ,  to  aumms|*i z®  th©' ' SihoV©  analysis*  th©  d If f er- 
enc©;of  th©  two  types  of  surf ao'ss  energy  lios  in 

the  ^iffej^enc®  aymnjetryi  |n ’.a 'i^lSn©  perpendicular  to 
the  exiei’nal  piasnetlc  field,  the  ©I'^ctr 
Burfao©  of,  equal  energy  ,  can  t ravel"- hhhtlfiuously  ,alo.ng-the 
surface  of  eqUal  energy  to  a  posltioh  'SyiMetrleal  with 
respect,  . to  the.  origin  of  the  p  space#  !-whil©  the  electrons 
on  the/hohVoloSed  surface  cannot,  ■■^r. 

Though  the  points  symmetrical  with  respect  to-  the 
origin,  of  , the.  p  space  posseSs  the  setae  energy,  however, 
they  are\ on'  diff ©rent  branches  of  the  Intersecting  curve 
of  the' surfac'e’'of  :.equai^  e  and  the  plane  perpendicular 
to.  the -.ex te^nai' magnetic  field}  therefore,  they  cannot 
cross,  over  .oontinuously  along  the  ihteresecting  curve. 

It  may  he  seen  frb^.Me  re.SUltS  that  the  mean  velocl-  . 
ties  under  the  act.lo,tt‘  brrhn -electric  field  and  a  strong  .  ' 
magnetic  field'  are/dlftereht  for" •'erhctrons  with  different 


types  of  surfaces  of  equal  energy  as  their  ..fferml  isurfaces:* 
If  the  surfaoe  is  closed,  the  yel^ocity  Is  almost  equal 
to  zero.  If  the  surface  is:  hoh'^le®^’^  it  is  "not  so  in 
certain  direotlohs. • 


.  The  above.'ia  an  .Sttempt  to  explain  the  physical ;  aspects 
of  the  theory  of  Lif|:httz  et  al.  in  a  more  intuitive  . 
and  simplified.. manner# Of  course,  the  rigorous  theory  which 
describes ; the  actual! situations  is  ‘far  more 'complicated  and 
involves  many  jnore  , problems.  • 

•  In  additibh'’,'tp'.  the| Introduction,  with  mtich  emphasis , 
of.  the  ;moa.t ;  slgnificajlV  "the  necessity  of  .diS“: 

tinguishlng  the  two  types  of  surfaces  of  equal  energy, 
Lifshitz  et  al,  also  threw  further  light  hn  the  Boltzmann 
equation  and  performed  calculations  on  conductivity,  with¬ 
out  any  assumption  of 'jthe  concrete  form  of  the  surface  of 
equal  energy  and  of  thf'  collision  mechanism. 


Their  findings,  if  compared  with  the  experimental 
results,  should  furnish  information  oh  electron  energy  band 
structure.  However,  there  has  not  yet  been  any  definite 
work  along  this  line, 4  There  has  been  considerable  progress 
on  formulating  a  phenbmenaloglcal  theory  on  different  phen¬ 
omena  of  transition  of. electrons  under  th©  action  of  an 
electromagnetic  fleld-^  At  the  same  time,  some  of  the  new 
advances  in  experimental  technique  are  eliciting  increas¬ 
ingly  more  useful  data* 
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It  is  of  sroat  imporianoe  to  coordinate  those  two 
phases  of  work,  In  ord<^r  th  study  the  concrete  states  of 
electrons  in  metals.  I  understand  that  the  work  of 
Llfshltz  et  al.  is  precisely  of  this  nature.  I  have  not 
read  the  full  texts  of  the  papers, by  Lifshitz  et  al,,  but 
only  the  abstracts  of  sbthS  df  their  work, 

I  knoT^  t^at,  iri  addition  to  the  theories  cited  at 
this  confi^ihoe,  they  alSd  did  much  work  on  theories  of 
solids  and  i4tals,  for  exampia»  in  the  field  of  galvano-^ 
magnetic  phenomena  Ih  imetalS*  the  influence  of  the  quantum 
effect  and  of  the  Fermi  energy  level  change  etc,,  as  well 
as  cyclotron  resonance  in  metals,  some  magnetic ^resonance 
phenomena,  the  skin  effect,  and  other  macroscopic  theories 
and  crystall  lattice  theories  related  to  the  eleetromag- 
hetlc  field  in  metals, 

Gh*enp;  K*ai~ohia 

I  wish  to  submit  a  suFplementary  account  to  Bogoliuboy's 
theory  on  superconductivity,  Bogoliubov  made  a  contact 
transformation  of  the  generating  and  vanishing  operators 

a^,  1/2  and  ®k',-l/2  of  the  electrons; 
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This' ■transformation  is  tantamount  to,.- ma|i4liS  a.ilnoai:)  . 
comblii'at'lon  of'^the  wave  functlon'^of  -ttee;. electron  ■ 

that  the' energy  level  may  ’  be  'ad' Jus t^i  ■However, .  auc a  , 
a  transfonuatlo'u  will  cause  the ‘new  H'amlltoalan  to  cpritaln 
terms  with  _ 

Those  terms  will  cau|4’'-^i'V®i*geh.Q'v^-:'a'i  4he  .first;',  perturba¬ 
tion .  Bo  go  1  lubo  V  appl  ie<i ';  Ohe ;  ■  c  p.hd.l  t  ion,  to.  ^.et 'ei'mlne  ■  ^ 
u,  v*i •  80.' .th0,t  tb®  ■Buim...;Of  the; 'element^'  of  ,th^, ,  trahait-ion 
in&trix  in  the  foilowthg  form  may  equal. -zero: 


Ifeere  may  be  two  different  seta  of  (%,  one  set  being 
the  old  Fermi  distribution  (^k,  k)  s=  (1,0),  and  the  other 
being  the  new  distribution j 


*  {14-F(fe)h 


F(*)) 


where  F(k)  is  a  function  of  k,  and  when  k  -  k^  (the  value 
of  k  on  the  Fermi  spherical  surface). 


The  total  energy  of  the  new  distribution  (in  unit  volume) 
is  lower  than  that  of  the  old  Fermi  distribution, 

jPCk.)  !  -*“  t 
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"  ^  —  -VI-* 


where  g  la  the  66ui)llhg  constant,  |J(^)  Is  the  energy 
level  density  6h  the  Pernii  Surface  andu/ Isj  the  frequency 
of  Ionic  vlhratiohi  Tliis  distribution  Is  known  as  the^ 
basic  state,  which  desdrlbeS  the  stat©  of  superccnduc" 
tivity,  ■ .  ■  ;■  -vi-. 


Bogoliubov  h|.8b  showed,  .thht  .  the  required  to 

excite  ofae  electroid  but  of  the  basic  Stalie  is  at  least 


B. 


Energy  between  the  fekclie^  sta.te  and  the  basic  state  is 
not  continuous.  Thht  is  precisely  the':  condition  that  , 
superconductivity  ittSy  produce  permanent  current. 


Huang  K'un 


yesterday  I  exchanged  seme  Iheas  with  Comrade  P  eng 
.Huan**wu  on  the  subject  matter  of  the  Conference.  We  have 
some  views  in  common.  =  I, 'Wlshito  take  this  opportunity  to 
express  some  of  my  feelllrigs.on  .the  content  of  our  talk. 


A  special  feature  Of  the  reports  to  the  Conference  is 
that  more  emphasis  isaplaced  on  some  topics  where  theore¬ 
tical  work  is  concentrated.  Therefore  it  is  necessary 
for  us  to  take  notice!;of  the  fact  that  the  theory  of  solids 
is  not  Included  in  Itsrehti’rety. 

At  the  same  time,  there  are  two  aspects  which  should 
be  stressed.  In  the  first • place i  the  problems  being 
worked  on  today  in  different  countries  are  not  necessarily 
those  requiring  most  fft'eniion.  If  we  have  not  yet  obtained 
a  firm  understanding  qf  sotfie  comparatively  older  field's, 
it  is  imperative  for  qs  to  do  so  with  urgency  and  dispatch, 
according  to  the  needb  of  our  own  program.  On  the  other 
hand,  one  of  the  most 'essential  tasks  in  expanding  theore¬ 
tical  work  in  this  field  .IS. to  coordinate  it  with  experi¬ 
mental  work  and  to  meet  the  needs  of  further  development. 

It  seems  to  me  that  the;  above  two  aspects  concerning 
the  fulfillment  of  our  actual  objective  must  be  given 
special  consideration  when  we  evaluate  the  significance 
of  the  various  problems  reported  here. 
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Hal  eh  Hsi-te" 

'  I- wish  tb  give  a^short^aco9unt -pf  _  ia’b^'aiyrork.  oh  t}ie  ;- 
bound  state  of  eleptrona  In  solids  studied  with  th.eralH 
of  spin  resonance  Absorption,  mainly  In  connect loh  with 
an  P  center.  •  An  P  center  Is  proidhoed  ^f  the,;  presence  of 
negative  Ionic  Vacancy  In  thalldes  oi  ai'kAlln^^^  metals.  It 
Is  tantamount  to  4  center  of  positive  electricity  and  may 
bind  the  electrons  moVlhSrdn  il®  '^he  following 

results  have  been  obtsihed*  lii,  the  study  Of  the  electron 
spin  resonance  absdl*ption  of  oehten:  , 

1.  Shift  of  factor  g<^ 

panilole  whose  spin  Is  3  will  Split  into  (2S  *  1)  levels 
In  aymagnetlc  field.  The  distance  between  levels  Is 
g<:cB",  where  g  Is  the  welJti*knbwn  rSdtor  g.  If  a  hlgh- 
fheqUeriCy  magnetic  field.>w‘lth  ®  y®?itca^  frequencyct*  Is 
applied  In  ■addition ,  to  'tfe^e-iAti^^  ..field,  And  if 

the  frequency  satiafMs^  .th'e•^%oliOwing  condition.: , 


il) 


■  {‘whkT&M  3'  Stands? for  Bohr  .magneton),  then'  the, pai^icie 
may  absorb  energy  from  th®  high-frequency,  field  apd  pro¬ 
duce  a  transition  betweih  levels.  Thus  g  may  be  deter¬ 
mined''  from  'a  'm'e'aBurementl’of  high-frequency  ppwer  absorp¬ 
tion.  As  there  Is  only:r%ne  electron  bound  in  the  vlnclnity 
'  of  the  negative  ionic  vapancy  and  It  Is  moving,  the  spin 
;is\  l/2  and.  g '^^shOuld  be  24OO23.  .  \ 


.  However,  It '  Is  found  i|rom  the  study  of  P  center  spin 
resonance  absorption  in  fpl  that  g  =  1.995  ±0,001,  Then 
id  g  =r  -OiOOT,  and  this  I'SMtnown  as  the  shift  of  factor 
g.  It  is  generally  believed  that  the  shift  may  possibly 
be  due  to  the  coupling  o|  the  spin  with  the  orbit,  and 
therefore  it  may  be  deduced  that  the  wave  function  of  an 
F  center  certainly  contains  the  component  of  ^  f  0,  To 
Interpret  the  shift  of  factor  g,,the  following  assumptions 
have  been  made  concerning  the  wave  function  of  an  P 
center: 


(1)  In  addition  to  the  potential  field  of  the  nega¬ 
tive  Ionic  vacancy,  which  acts  as  a  positive  electricity 
center,  there  is  also  the  Influence  of  the  potential  field 
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of  the  six  surrounding  ions.  Therefore,  the  potential 
field  is  not  in  spheric aii  symmetryi;  and  the  hasic  state 
does  not  necessarily  Consist  only; iCtf  •the  funpt ion  of^^  =  0. 
If  the  potential  field  Is  la  cuhi6,  ,aysHiieti’y,  the  basic 
state  may  contain  components  both  of ^  =  0  and  of^  =  4. 
Calculations  show  that  li  is  necessary  to  assume, the  com¬ 
ponent  of  Z.=i  4  at  a  (|6ns||erable  mSfSaitude,  in  bhder  to 
give  ^  g  a  satisfactory  lilterpretatlon.-^ 

(li )  Another  dppf^bhjsh  to  ekbresaithe  Wave  function 
as  the  linear  combinhtlonlof  the  ^ave  'functions  of  the 
six  alkaline  metal  atoins  ,^lth  Kf.  ions  as  the  centers.  Due 
to  polarization  resulting  frdit  the  existence  of  the  nega¬ 
tive  ionic  vacancy i,  the  wave  function  of  the  basic  state 
contains  components  s  vand  p.  Assuming  that  the  component 
of  function  b  -3  oomparabie  to  that  of  function  s,  then 
g  bbtained-  from  experimentation  may  be  interpreted. 

2 .  VJidth  of  th;e  lineVbit ■  sbih,;  r esonanc  e  abso rpt ion .  The 
experiment'  with  KOI  show^tha^  ' thei; width  of  absorption  line 
is4H  =: ‘§6  oersteds  and  f#e  form  is  that  of  a  Gaussian 
curve.  If  the  width  of  tile  line  is  thought  to  be  caused 
by  the  apln- 
tronai-then 

of  lO^Vcm^*  — -  - -  - .  ; 

oersteds  and  the  form  of  ;§he  line  will  be  similar  to  that 
of  the  Lorentz  absorpiton^curve.  This  serves  to  explain 
that  it  is  impossible  to  Interpret  the  width  of  the' line 
of  F  center  spin  resonancli  absorption  with  the  aid  of  thC 
spin  interactiQtt  between  fhe  electrons.  It  is  now  be- 
lleved^  that  it  is  caused  t^by  the  superposition  of  the 
superflno.  interactions  of  ■'nuclear  ^magnetic  moments  of 
electrons  and  the  sik  K”*"  iionS. 

If  the  F  center,  electron  is  envisaged  to  move  in  the 
vicinity  of  K**’  for  a  considerable  interval  of  time,’  the 
magnetic  moment  of  the  riuc^eus  of  K  is  I  -  3/2,  possibly 
in  fowr  positions.  Considering  that  there  are  six  K  ions, 
we  see  the  possibility  of  4°  =4096  forms  for  the  position 
of  nuclear  magnetic  moment.  The  distribution  of  these 


^Kohn*  A.  H.;  Kittel,  G.,  Phys.  Rev.  89  (1953) ,  315. 

\ip,  Aj  Pi;  Kittel,  0.';  Levy,  R.  A.;  Partis,  A.  M., 
Phys.  Rev.  91  (1953) t  1066.  ^ 
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jpin  Interaciton  between  the  P  center  elec- 
br  crystalsiwith  an  F  center  concentration 


+  V,  A  T.r  4  Vi  4*.  Vi  A  T  1 


•  -poslt'ioiis  is  iti  Sauasl-w  |^i*m  absorption 

curvi#  is  also  IPI  '  The  ^le^rgy  ;of .  superfine 

interaction  may  .  W  ekp!i?fei4SM"  in  the  f^^^ 


sXafgilr' 

'T'^^  ■■v.7',;  ’ 


where  f-Or  stands  for  magneto #’‘qf  pOlas^ium.  hvi<^i^w^^ 
stands  for  the  V;aiiie  of  eleotroh  VwSVe  fuftction^  a 
atomic  hUdiOus  of  K'’^  ions^'  ij^oe  it;;inay  pe  seen  that  the 
pattern  (ii )  desoribed  abovef-^n  connect  \fii;hi,wave  ; 
^functioh  is  more  appropri|teSif’^i‘  yiewed  ;.f.rora.:,i^^  of 

interpreting  phe  width  ofiJth^-  Opih  reaon.aince,  absprptlon  ■■ 
line.-'  ■■  ■  ■  -  ^  •-  '  , 

.  Ih  ;pa$idral.  KCl,  there'  ar®  93*08^  of  and  (5..9i^“  of  !  • 

K^^»  vana‘v;^':41y  39.;^^  ■-■J  .:'v.  -  ^v- 


Therefore,  the '^width  of  th!^  spin  resor^hce  ab.sbrptioh 
line  ;Should  be  smaller  forvK^^Cl""i3ein8'^R4^53:,  oersteds  as 
obtained  ■from  theoretical  ;d'aiodM'tioh--althoU^^^  it;  is  . .  ' 
obtained  'experrlmentally'  .tha^A  +;.2  oersteds  for  K^-Cl. 

In  brder  to  Interpret  t]||;s  fesult  ,lt  is;  assumed  that 
the  electrons  not  only  movelin  the  vicinity  of  K'*',  but 
also  may  move  in  the  vlcinl|y  of  the  neighboring  Cl"  and 
may  produde- a  superfine  Interaction  with  the  Cl"  nuclear 
magnetic  ^moment.  The  abovllejcperlmentai  result  may 'serve 
to  e^pialn  that  the  electrons  of  the  P  centers  are'not; 
localised  In  the  vicinity , oi;  hegat lye  ionic  vacancies ,  but 
enjoy  greater  freedom  Of  molloh.,  ;  ;;  ^ 


It  may  be  seen  from  the  dbove  that  the  experiments  on 
electron  spin  resonance  absorption  are  helpful  to  an  under¬ 
standing  of  wave  function  of  ^nP. center.  ,Moreover»  from 
the  study  on  the  electron  spin  resonance  absorption  in  n- 
type  silicon’ /  the  energy  level  ^.splitting  due  1#o  the  .  " 
superfine  interaction  of  nuclear magnet  moments  petween 
electrons  and  donor  impurities  has  also  been  obtained.  The 


^Luttlnger,  d.  M.;  Kohn,  ¥. ,  Physl  Rev.  97  (1957)*  883. 
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value  of  the  electron  wave  function  at  the  position, of  the 
atomic  nucleus  of  donor .  impurity  may  he  obtained  from  a 
study  of  the  distance  befweeh  absorption  spectrum  lines, 

Chang  0h*enj5t~h8iu  i, 

Is  it  not  possible  that  the  masnetic^^moment  iriteraction 
of  the  electron  with  |»he  hei^borlng  01  ,  as  nientioned  by 
Mr,  Hsleh,  is  the  Interactloh  %ith  the,  adjacent  quadrupole 
moment?  ^ ^ 

Hsieh  H5i,-te 

The  quest ioh  of  the  action  with  quadrupole  moment  has 
not  beeen  oonsidered, 

Kao  Lieh“P*ei  ^ 

Tf/hat  problems  have." bCe^  sdlved  by  Bogoliubov's  theory? 
For  instSpce,  some  probiemS  afe'  mehtlohed  'by  Feynman  in 
the  receiit  issue  of  the  ifpdern  Physics  Review  (April  1957)5 
specific  heats  of  supercbhductorsj  the  fact  that  super¬ 
conductors  are  not  simple^elements,  but' mostly  the  elements 
in  the  middle  rows  of  the| periodic  tablej  the  relation  be¬ 
tween  superconducting  (^l,lpys  and  their  const i tut ents,  since 
some  alloys  are  superconductors  although  none  of  the  ccn- 
stltuent  elements  of  sUchialloys  are  superconductors;  the 
relation  between  superconductivity  and  crystal^  structurej 
as  some  elements  may  beGOJ^e  superconducting  in  certain 
structures  but  may  not  become  superconducting  in  other 
structures:  etc,  :  Are  those  questions  considered  in 
Bpgollubovvs  theory?  * 

Ch^eng  K*al-chia 

Bogoliubov^s  concluslPn  is  that  all  conductors  may 
show  superconductivity*  Irrespective  of  their  structures, 

Kao  Liei'i-p*ei 

According  to  his  theory*  which  is  mere  fundamental? 

Total  diamagnetism  of  permanent  current? 
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/Yes',  p^finahefit  current#  'to  'i^aSs  questlofi  lii 

connection  with  magnetic  reconanoe*  Is  it^poaslbiLe  to 
solve  for  I  with  the  nuclear  magnetic  moment  resonance? 


'i[j^"i4i:stMiea':-^ith''t^^^^  'b'l:  iht'erS6t'i6n  , between  elec¬ 
trons  and  nuclear  ihagnetid  j^ttients#  ‘  / 


.  i  M  a^red  tb  the  vieWs  exijressed  bj^  Mr#  Huang  K  hn  a 
little  i#hlie  dgbi  A  coinpreHensive  Stiidjr  should  be  made  of 
the  theory  of  solids#  Different  methods  must  be  uped  for 
different  kinds  [of  solids]^*  The  electron  theory  haS  been 
stressed  in,.thAs- sympoalum^.C-but  this  does  not  mean  that 
the  el'ectroh  theory  is  "Of::  e^cin^lye:  importance ,  Our  pro¬ 
gram  should  not  be  cohf.ihedH^ib  thwf'iaid  Ih  l^e  fhrther''' 
expansion;/.,:/::^:;,...,  V :  ■ 

" ;  'The  methods  of  study  of  Solid  Jtlieory  >in' the:  past  gene¬ 
rally  were  of  .  tvfp',  extremes#  |  One  was  to  emphasize  eieotrons 
and  to  overlook' atoms}  the  cither  Was 'to  concentrate  on  atoms 
and  to  ignore  electrons*  .  WS  may  as  well  try  to  explore  the 
possibility  of  .establishing ’an  over-all  method  Which  empha- 
sizea  both  the  electrons  and  the  atoms#  ' 


It  seems  to  me  that  we  should  devote  attehtlon  to  the 
Introdhctibh  and  extension  of  the  use  of  methods  of 
quantum  chemistry  in  studyli^  solids#  The  study  of  solids 
by  means  of  methods  which  rely  on  atomic  structure,  mole¬ 
cular  structure,  and  chemical  bonds  may  unite  the.  problem 
of  atoms  s*id  molecules  with  theories  on  solids#  Some 
researchers  have  some.work  in  this  field,  for  Instance, 

L.  Pauling,  who  advanced  the;  theory  of  metal  bonds#  How¬ 
ever,  his  theory  is  still  in  the  qualitative  stage.  We 
should  examine  whether  this  theory  may  be  explored  and. de¬ 
veloped  further#  Moreover,  the  work  of  P#  Lowdln  is  also 
noteworthy#'  /.i.  :J.  ".:‘V  ' 


Basically,  I  share  the  view  that  it  is  necessary  to 
take  into  consideration  research  based  on  using  the  atom 
as  the  unit,  as  brought  out  by  Mr*  Kou  Oh  Ing-ch  uen# 


To  cite  an  example,  the  problem  of  the  ferrcjelectrlo  pro¬ 
perty  of  the  BaTlOj-type  is  not  easy  to  approaoh  by  start¬ 
ing  directly  from  the; electron  theory* 

Besides  the  treatment  In  thermodynamics,  which  is  yery 
successful,  there  are  some  rudimentary  theories  Whi6h 
consider  the  question  ^Ith  the  aid  of  ohemicai,  bondsi  An¬ 
other  example  IS  thd  d^jae  of  the  ease  of  the  ^iijbliei^^olna^net 
and  ferroraagnet.  If  niiidled  exclusively  fi^oili  ilie  point  of 
view  of  superexchange  action,  then  OeHain  phehOiiiOna*  such 
as  the  change  In  symmetry  of  crystal  structures,  will  be 
very  hand  to  explain. 

The  theories  of  solids  may  be  classified  Into  three 
types;  (1)  the  theory  based  on  electrons,  (2)  the  theory 
based  on  atoms,  and  (3)  the  theory  based  on  a  plastic 
(continuous)  medium.  The  subject  discussed  In  this  con¬ 
ference  Is  the  part  with  the  most  abxmdant  and  the  most 
systematic  materials,  but  It  Is  not  complete  as  such. 

Gh*enpi;  K^al-ohla 


I  share  Mr.  Huang  K*un‘s  view  that  we  should  not  con¬ 
centrate  solely  on  the  field  theory.  It  should  be  taken 
as  only  one  of  the  methods.  Theories  on  Impurity,  holes 
and  displacement  In  the  study  of  solids  are  mainly  concerned 
with  Industrial  application.  Primary  emphasis  should  be 
given  to  research  work  on  atomic  Impurity,  holes, and  dis¬ 
placement.  We  should  not  exert  too  much  effort  to  work  In 
the  field  of  electron  theory  of  solids.  It  Is  wrong  to 
work  In  this  field  exclusively. 

Huang  K*un 


1  understand  that  the  Department  [the  Department  of 
Mathematics,  Physics  and  Chemistry,  a  branch  of  Chinese 
Academia  SlnlcaJ  hopes  to  be  able  to  hold  small  symposia 
like  this  one  on  a  more  permanent  basis  hereafter,  mainly 
for  the  purpose  of  Improving  our  understanding  of  some 
specialized  field.  In  order  to  be  more  thorough,  the 
scope  of  the  subject  of  each  symposium  should  not  be  too 
broad.  The  subject  of  this  symposium  Is  not  the  theory 
of  solids,  but  the  electron  theory  of  solids. 
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